The oceanic biological pump drives sequestration of carbon dioxide in the deep sea via sinking particles. Rapid biological consumption and remineralization of carbon in the "twilight zone" (depths between the euphotic zone and 1000 meters) reduce the efficiency of sequestration. By using neutrally buoyant sediment traps to sample this chronically understudied realm, we measured a transfer efficiency of sinking particulate organic carbon between 150 and 500 meters of 20 and 50% at two contrasting sites. This large variability in transfer efficiency is poorly represented in biogeochemical models. If applied globally, this is equivalent to a difference in carbon sequestration of more than 3 petagrams of carbon per year.
T he transfer efficiency of the biological pump (1) depends upon how much sinking particulate organic carbon (POC) is remineralized and consumed by resident biota within the ocean's twilight zone. This downward POC flux in the ocean comprises a complex mixture of living and dead cells, excretory products, detrital matter, and amorphous aggregates (2) . Remineralization of POC and associated bioelements sets the concentration of deep ocean nutrients and via subsequent upwelling is a feedback on the strength of primary productivity. Since the 1980s there have been various attempts to parameterize this flux attenuation (3), the most common being F = F 100 (z/100) -b , where z is the trap depth, F 100 is the POC flux at 100 m, and b is a unitless parameter determining the degree of flux attenuation with depth. A single empirical fit using six North Pacific sites yielded the Martin curve, with F 100 = 4.2 mM C m −2 day −1 and b = 0.86 (4) , which is still widely used in models to describe particle flux attenuation across regions and also globally (5-7).
In the past 10 to 20 years, concerns have grown over the validity of the Martin curve due in part to the possibility of collection biases in upper ocean sediment traps, which are open cylinders or cones, tethered to surface floatation, used to directly sample sinking particles (8) . Moreover, flux predictions from global circulation and data assimilation models (9, 10) and measurements of flux variability in the deep ocean (11) have questioned the global applicability of this flux curve. Alternatives have since been proposed (11, 12) , but their value is unclear because they have their basis largely in models and/or traps in the deep ocean, where flux collection biases are reduced but particle flux attenuation is much weaker (13) .
VERTIGO (Vertical Transport in the Global Ocean). The VERTIGO project overcame many of the issues of trap collection biases in mesopelagic waters by using neutrally buoyant sediment traps (NBSTs) (14) . These new-generation particle interceptors address the hydrodynamic concern of particle capture in a fluid moving several orders of magnitude faster laterally (km per day) than mean particle sinking rates (10 to 100 m day -1 ) (2). NBSTs are free vehicles that sink to a predetermined depth, directly intercepting sinking particles in collection tubes for a preset period (days), after which the tubes close and the NBSTs surface (15) (figs. S1 and S2). We deployed NBSTs twice for 3 to 5 days using two to three instruments per depth (150 m for 3 days, 300 m for 4 days, and 500 m for 5 days). Such replication of flux measurements is rarely done. Another unique facet of VERTIGO was the 21-day occupation of each study site, which enabled us, with replicate deployments, to relate changes in flux at 500 m to processes in the surface water occurring several days prior [the majority of particles sink >100 m day -1 (16) and thus would reach 500 m withiñ 5 days].
VERTIGO studied two contrasting environments. ALOHA is within an oligotrophic subtropical gyre and is the site of the Hawaii Ocean time series (HOT) (17) . At ALOHA, consistently low macronutrients within a warm surface ocean result in an ecosystem dominated by picophytoplankton and low seasonality, with relatively low and constant rates of primary production and POC flux at the base of the euphotic zone. K2 is situated in the Northwest Pacific subarctic gyre and is the site of a moored time-series program (18) . K2 is characterized by colder waters and high nutrient conditions, resulting in more seasonality in algal stocks, production, and export (18) . Another important contrast is that the biomineral content of sinking particles at ALOHA was dominated by particulate inorganic carbon (PIC, i.e., carbonate contents of 30% at 500 m and 60% at 4000 m, Table 1 ), whereas fluxes at K2 during summer were dominated by biogenic silica (bSi, i.e., opal) because of surface diatom productivity (80% at 500 and 4000 m).
K2 had higher POC fluxes than ALOHA at all depths (Fig. 1A ). Fluxes at ALOHA were similar during both trap deployments, whereas at K2 POC flux decreased threefold between the two deployments, indicating substantial temporal phasing of export at this site. The normalized flux profiles display lower POC flux attenuation at K2 than at ALOHA (Fig. 1B) . POC flux profiles from both K2 deployments collapse onto each other upon normalization to flux at 150 m (Fig.  1B) , despite their difference in POC flux. This suggests that POC flux attenuation is not determined by the magnitude of flux but rather by the nature of the exported POC and the processes within the mesopelagic that are site specific. The degree of flux attenuation can be expressed as mesopelagic transfer efficiency (T eff ) or the ratio of POC flux at 500 to 150 m. At ALOHA, T eff is only 20%, whereas for K2 T eff equals 46 to 55% (Table 1) .
This pattern of more rapid POC flux attenuation at ALOHA versus K2 holds for all associated bioelements and follows an internally consistent pattern (Fig. 2) . At each site, attenuation follows the same relative order, with chlorophyll a > POC > particle mass > bSi > PIC, and tracks the lability of these elements, with phytodetrital flux decreasing fastest and much smaller losses of biominerals such as bSi and PIC as they sink. This implies that, for each component within the sinking particles, a larger proportion would sink to greater depth if associated with biomineral phases. All particleassociated elements reach greater depth at K2, which would enhance C sequestration at K2 relative to ALOHA and consequently result in greater remineralization length scales at K2 for nutrients such as silicate.
The differences in particle flux attenuation between K2 and ALOHA must be related to the properties that characterize each site. These include pelagic food web structure, the proportion of fecal pellets versus phytoplankton aggregates, the fraction of export associated with ballast minerals and their sinking rates, water temperature, and C demand of the mesopelagic bacteria and zooplankton communities, or combinations thereof. Also, higher zooplankton abundances at K2 will have an impact on C transfer to depth via surface feeding and daily migration to mesopelagic depths.
Our observations demonstrate that the diatomdominated ecosystem at K2 is associated with more efficient transport of POC through the twilight zone than the ecosystem at ALOHA. In addition to the high T eff in the mesopelagic, the high efficiency of this "silica pump" in the Northwest Pacific for POC transport to the deep ocean has been noted previously (19) . Thus, our mesopelagic data contrast with predictions of the POC-carrying efficiency of different ballasting agents developed by using bathypelagic trap data, which suggested preferential deep ocean POC flux in association with PIC and not bSi (11, 20) .
The structure of the food web can also change temporally at any given site. Forty days after peak diatom production at K2 (18), we observed a continued decrease in primary production and a decrease in the fraction of C fixation attributable to >20 mm phytoplankton during deployment 2 ( Table 1) . A decrease in the export ratio from 21 to 11% [e ratio is trap-derived flux at base of euphotic zone divided by primary productivity (PP)] fits with lower export predicted with a shift to smaller cells (21, 22) . The constant T eff at K2 in a changing flux environment suggests that flux attenuation processes below the euphotic zone respond proportionally and rapidly to the flux.
During both K2 deployments, most of the identifiable material intercepted by traps was fecal matter from larger zooplankton, in particular copepod species. In the water column above the traps at K2, both zooplankton size and the median size of fecal pellets were significantly larger (42% of zooplankton biomass from 0 to 150 m was >2 mm; 0.17 mg C per pellet at 150 m; fig. S3 ) than at ALOHA (18% of biomass was >2 mm; 0.036 mg C per pellet). Larger pellets tend to have higher gravitational sinking rates (3). Sinking rates would be further increased by the higher percentage of more dense biomineral phases within the sinking particles at K2 (80% opal and carbonate by mass at K2 versus 21% at ALOHA in 150-m trap; Table 1 ), although slower settling rates in colder, more viscous waters are a potential factor that would offset some of these density-driven changes in sinking rate. Therefore, a simple explanation that may account for much of the twofold higher T eff at K2 compared with that at ALOHA is a faster sinking rate due to differences in ballasting and zooplankton pellet size. The impact of colder temperatures on the rate of heterotrophic metabolism may also contribute to this higher T eff at K2 because of slower biological degradation of sinking particles.
The extent of flux attenuation at the two VERTIGO sites is not captured by the Martin curve. After normalizing the observed flux to 150 m, average b values for POC at ALOHA (b = 1.33 ± 0.15; fitted value ± 1SE) are higher than predicted (4), indicating greater flux attenuation, and lower at K2 (b = 0.51 ± 0.05), indicating more efficient C transfer to depth (Fig. 1B) . Indeed, the contrast in POC flux attenuation between ALOHA and K2 exceeds the range seen across the six sites used to derive the Martin curve (b ranged from 0.64 to 0.97) (4) . Applying the Martin curve at ALOHA would result in a POC flux at 500 m that is double (i.e., 36 mg C m −2 day −1 ) our observations. At K2, POC fluxes would be 50% too small. The same over-and underpredictions would hold for other elements as well (Fig. 2) and thus would impact relative ratios of nutrients associated with remineralization of sinking particles.
Recent modeling studies based on extensive WOCE nutrient and alkalinity data (10) suggest that geochemical distributions in the deep ocean are highly sensitive to the choice of POC flux parameterization. By using global circulation models and simulated export production, Howard et al. (10) found differences of >60 mmol dissolved inorganic carbon (DIC) kg −1 in the deep ocean between models and observations by using a Martin-like flux parameterization and increases of 30 mmol DIC kg −1 by increasing the C methods and integrated to the 0.1% light level. For ALOHA, these are within 95% confidence intervals for HOT PP data for upper 100 m but >2 times lower than in situ PP on HOT cruises before and after VERTIGO. K2 PP are higher (D1) and similar to PP estimated by Honda et al. (18) for the same time period. Size-fractionated PP calculated as the percent of total PP attributable to >20-mm cells. Euphotic zone e ratio uses POC flux at 0.1% light level extrapolated using POC flux curve fits (Fig. 1) to mesopelagic data. Measured 150-m flux/PP ratios are 10 and 8% for ALOHA D1 and D2, and 12 and 6% for K2 D1 and D2, respectively. Mesopelagic transfer efficiency defined as 500-m/150-m POC flux.
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Dates T eff by a factor of 2.5. VERTIGO data confirm the existence of regional differences in POC T eff of twofold or more. Our sites represent lowlatitude oligotrophic and high-latitude mesotrophic regions and thus are unlikely to be biogeochemical end members for the global ocean or even seasonal extremes at these two sites. Implications and conclusions. Our high and low T eff , if applied to the global shallow export production estimate of Laws et 
. Certainly the entire ocean is not characterized by either single T eff ; however, this calculation shows that, in addition to climateinduced changes to primary production, floristics, and shallow export, changes to mesopelagic communities and T eff would have a large impact on the magnitude of ocean C sequestration and hence be a substantial feedback on climate. The predicted increase in ocean stratification and the decrease in nutrient supply because of climate change are thought to favor small phytoplankton at the expense of diatoms (24). Also, a decrease in ocean pH with increased CO 2 would tend to decrease the fraction of ocean production attributed to calcium carbonate producers (25). Both of these effects would result in not only less-efficient shallow export production but also likely lower mesopelagic T eff and hence reduce ocean C sequestration, which would greatly amplify this positive feedback on climate change.
These data help connect surface-water particle sources to mesopelagic fluxes. Both the fraction of production leaving the surface and the proportion of export reaching the deep ocean are highly variable and of similar importance to the sequestration of C in the deep ocean. Although process studies at contrasting sites using NBSTs can help unravel differences in particle flux attenuation and its controls, mesopelagic time-series observations are necessary to catch episodic events and the full range of flux variability. This variability in the attenuation of sinking particle flux is not yet considered in ocean models and is poorly constrained by existing data from the twilight zone. Dynamin 1 is a neuron-specific guanosine triphosphatase thought to be critically required for the fission reaction of synaptic vesicle endocytosis. Unexpectedly, mice lacking dynamin 1 were able to form functional synapses, even though their postnatal viability was limited. However, during spontaneous network activity, branched, tubular plasma membrane invaginations accumulated, capped by clathrin-coated pits, in synapses of dynamin 1-knockout mice. Synaptic vesicle endocytosis was severely impaired during strong exogenous stimulation but resumed efficiently when the stimulus was terminated. Thus, dynamin 1−independent mechanisms can support limited synaptic vesicle endocytosis, but dynamin 1 is needed during high levels of neuronal activity.
S ynaptic transmission is dependent on the continuous reformation of synaptic vesicles via local membrane recycling (1, 2) . Although the precise mechanisms of synaptic vesicle reformation remain a matter of debate (3-7), there is strong evidence for a key role of the guanosine triphosphatase (GTPase) dynamin in this process (8) (9) (10) (11) (12) , as well as in a variety of endocytic reactions in all cell types (9, (13) (14) (15) (16) . Dynamin is thought to oligomerize at the neck of endocytic pits and to mediate neck constriction and fission (8, 9, 11) . However, previous studies have addressed the action of dynamin at synapses through dominant-negative interference or pharmacological inhibition strategies, which may also elicit dominant-negative effects from the inactivated protein. Thus, we investigated the importance of dynamin in membrane traffic at synapses in dynamin 1-null mutants.
Mammals express three dynamins with different expression patterns ( fig. S1) (17) . Dynamin 1 is expressed exclusively in the brain, whereas dynamin 2 is ubiquitously expressed, and dynamin 3 is expressed selectively in brain and testis ( fig. S1B) (18) . In neurons, levels of dynamin 1 increase with synapse formation in parallel with the levels of synaptic vesicle proteins ( fig. S1E ). These and many other observations (9, 18, 19) strongly suggest that dynamin 1 plays a dedicated and essential role in the recycling of synaptic vesicles and, thus, a critical role in nervous system function.
Dynamin 1-KO mice appear normal at birth. A null allele of the mouse dynamin 1 gene was generated by deleting exon 1 (20) (fig. S1F ). Heterozygous mice were viable, fertile, and without any apparent health defects. Their matings yielded wild-type (WT), heterozygous (Ht) and, surprisingly, knockout (KO) pups in the expected Mendelian ratio (table S1). At birth, KO mice breathed, moved, and suckled and were not distinguishable from their littermates (Fig.  1A) . Thus, dynamin 1 is not required for either embryonic development or for the neurotransmission that supports perinatal life. However, a reduction in the ingestion of milk was apparent in KO pups within several hours after birth (Fig. 1A) , and poor motor coordination became obvious over the following days. Overall, dynamin 1-KO pups failed to thrive and died within 2 weeks ( fig. S3 ).
Immunoblot analysis of brain tissue and cortical neuron cultures demonstrated the absence of dynamin 1 in KO mice and a dramatic decrease of total dynamin levels ( Fig. 1B and fig. S2 ), confirming that dynamin 1 is by far the predominant dynamin in the nervous system. Levels of dynamin 2 and 3, as well as of a variety of proteins involved in synaptic transmission and endocytosis, were not changed (Fig. 1B and fig. S2 ).
Synaptic transmission in dynamin 1-KO neurons. Whole-cell voltage-clamp recordings from primary cortical cultures were carried out to study the impact of the loss of dynamin 1 on synaptic transmission. Recordings of miniature excitatory and inhibitory postsynaptic currents (mEPSCs and mIPSCs, respectively) revealed a large increase (Fig. 2, A and B) , possibly due to increased vesicle size (see below). Next, evoked synaptic transmission was analyzed in paired recordings from low-density cortical cultures. screen, and these corrections were generally minor for POC (<5-20% for ALOHA and <4-10%
at K2 for small swimmer C not removed by screen relative to total C flux).
Geochemical Analyses
POC is obtained by difference from measurement of total C by CHN and particulate inorganic carbon. PIC was determined by acidification of the sample with phosphoric acid and titration of CO 2 by a coulometric method with a UIC coulometric analyzer and acidification module.
Biogenic silica was determined using the hot NaOH extraction method as described in Nelson et al. (1989) . Chlorophyll a is total chlorophyll a pigments (monovinyl plus divinyl chlorophyll a)
determined by HPLC on sediment trap samples that were immediately LN 2 frozen at sea. Mass was determined gravimetrically after filtration onto pre-tared 0.45μm pore sized Nucleopore filters, rinsing with buffered DI water to remove salts and desiccation to a constant weight. 
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